The study empirically examines the relationship between time to maturity and price volatility in NSE futures market by employing GARCH framework. It also investigates 'Mixture of Distribution Hypothesis' which is based on the relationship between futures price volatility and volume. For the analysis, data on daily closing pricing of Nifty Futures, volume and open interest are collected for the period from 4 th
Introduction
The relationship between time to maturity, volume and futures volatility has received considerable attention in financial literature, because, it has wide implications for investors, option pricing and portfolio management. Further, this relationship is significant to hedging futures contracts and margin setting. The desired margin amount is dependent on futures price volatility. Therefore, if volatility increases near delivery, margin needs to be set higher and hedging strategies also need to be monitored and adjusted. Also volatility is one of the determinants the prices of options and futures; the effect of time to maturity on volatility needs to be considered in the pricing of options and futures. Therefore it is important to study the inter-relationship between time to maturity and futures price volatility. Samuelson (1965) provided first theoretical model for relationship between maturity effects and futures price volatility, known as Samuelson maturity hypothesis. It explains that when maturity of a derivative contract nears, volatility of the derivative's prices would increase. In other words, there is a negative relationship between time to maturity and futures volatility. Some studies have investigated Samuelson maturity hypothesis with empirical data. The studies found mixed evidence of the time-to-maturity effect and volatility in futures market. For instance, Beaulieu et al. (1998) , Allen and Cruickshank (2000) , Christos et al. (2006) , Wang and Liu, (2008) , Verma and Vijaya Kumar (2010) , support the Samuelson Hypothesis, both for commodity futures markets as well as financial futures markets. Christos et al. (2006) examine the relationship between daily volatility and time to maturity in the Greek futures markets using GARCH model. They concluded that Samuelson's Hypothesis is valid, and therefore, volatility of futures prices increases as maturity of futures contracts nears. Verma and Vijaya Kumar (2010) also examined the maturity effect in the Indian Commodities Futures Market. They found that maturity effect is present and it is explained to a large extent by the negative co-variance between time-to-maturity and volatility.
However, some studies have not supported Samuelson maturity hypothesis (Galloway & Kolb, 1996; Han et al., 1999; Daal, 2003; Pedro & Herrer, 2007; Kalev & Nhan, 2007; Duong et al., 2008) . Bessembinder et al. (1996) argue that maturity of futures contracts had no significant influence on their price volatility. Chen et al. (1999) document that the volatility of the Nikkei-225 index futures declines as maturity of futures contracts nears. Kalev and Huu Nhan (2007) examine the Samuelson Hypothesis in agriculture and financial futures by utilizing a nonparametric test. In their study Samuelson hypothesis is supported for agricultural futures while it is not supported for metal and financial futures. Pedro and Herrer (2007) investigate the impact of time to maturity on interest rate futures market in Mexico. They find that though maturity effects were present in some periods there was no evidence of maturity effect when all contracts were considered.
The study also investigates relationship between trading volume and volatility in financial futures markets, which is known as 'Mixture of Distribution Hypothesis' (Epps, 1976; Harris, 1986) . Many studies have examined this issue. (e.g., Brailsford, 1994; Deo et al., 2008; Kumar & Pandey, 2010) . Sakthivel and Kamaiah (2009) Boubaker and Makram (2011) investigate the relationship between trading volume and volatility in the Tunis stock market. The results show that 'Mixture of Distribution Hypothesis' (MDH) holds true in the Tunis stock market, implying a positive relationship between futures trading volume and volatility. Other studies however, argue that trading volume has no impact on volatility in futures markets (Smith, 1989; Santoni, 1987; Rahman, 1995; Watannabe 2001) .
The main objective of the study is to analyze the relationship between time to maturity, volatility and trading volume in Nifty Futures market by employing GARCH framework. We incorporate in the GARCH model, a maturity variable and two other variables for trading volume and open interest.
Some Empirical Evidence
Many studies have investigated the determinants of volatility in the derivative markets. These studies show that trading volume and maturity are important determining factors of price volatility. Bessembinder and Seguin (1993) find that trading volume has a positive relationship with volatility-as trading volume increases, volatility also increases. Herbert (1995) examines the relationship between time to maturity, volatility and the volume of trading in the gas futures contact. Using regression analysis, it is found that trading volume explains volatility more than maturity day effect in most of the derivative markets.
Similarly, Bhar and Malliaries (1998) investigate trading volume, price, short and long-term relationships between price and volume and the determinants of trading volume in foreign currency futures. They use five currency futures namely, British Pound, Canadian Dollar, Japanese Yen, German Mark and Swiss Franc. They collect data for nearby futures contracts for the period from May 1972 to November 1994. They find that in all the five currencies, the price volatility is a determinant of trading volume. David Walls (1999) examines how trading volume and time-to-time maturity impact volatility of electricity futures markets by employing regression analysis. The results show that maturity effects are present in electricity futures. Further, the results reveal that maturity effect seems to be higher in electricity futures than in other oil futures such as crude oil, heating oil and unleaded gasoline. Moosa and Bollen (1999) investigate the maturity effect using the intraday on S&P 500 futures contract from January 1993 to December 1995. They find evidence for the absence of the maturity effect in financial futures prices. Allen and Cruickshank (2000) investigate the maturity effect in commodity futures contracts on the Singapore International Monetary Exchange, the Sydney Futures Exchange, the London International Financial Futures and Options Exchange. Using regression analysis, they find that the maturity effects are present in a majority of the futures and options contracts. Employing GARCH framework, Rita Madarassy (2003) Though there are quite a few studies in the literature focusing on the price volatility-maturity relationship, they are largely confined to the developed markets. In the context of emerging economies like India, there is no study highlighting this relationship. Hence, the present study is undertaken. Having adopted the GARCH framework of analysis, the study is intended to verify the Samuelson maturity hypothesis and 'mixture of distributions' hypothesis.
Data and Methodology

Data Description
The data for the present study has been obtained from the National Stock Exchange of India (NSE) Volume is the total number of futures contracts purchased and sold during particular day. Open interest can be defined the total number of contracts outstanding on any particular day. Time-to-maturity refers to the number of calendar days' remaining for the maturity of the futures contracts. The last day of the maturity month can be referred to as 'zero days left to maturity.' The study constructs data sample for time-to-maturity five days before the maturity date.
Methodology
To determine whether a series is stationary or non-stationary, Augmented Dickey Fuller (1979) and Philips Perron tests are employed. Then the GARCH family techniques are used to investigate time to maturity and volume effects on volatility of Nifty Futures as well as individual stock futures. The Autoregressive Conditional Heteroscedasticity (ARCH) model proposed by Engle (1982) and later generalized by Bollerslev (1986) has been widely used in financial literature to capture time-varying conditional volatility. The GARCH model not only captures time-varying volatility but also volatility shocks persisting over time. The GARCH (1, 1) regression model is obtained by:
Where, R t is log return conditional on past information, which is proxy by R and α 0 , α 1 and β 1 are the parameters to be estimated. Ψt-1 is the information set time t -1 , ε t is the stochastic error conditional on Ψt-1 and is assumed to have normally distribution with zero mean and conditional (time varying) variance.
Volatility, Volume and Open Interest Relationship
In order to examine the relationship between trading activity and volatility in Nifty Futures market the futures trading variables, namely volume and open interest are introduced in GARCH conditional equation. The model is specified as:
Where, Vol and OI are futures volume and open interest respectively. If 'mixture of distributions hypothesis' holds true, coefficient of δ 1 should be positive and significant. According to the 'mixture of distributions hypothesis' there exists a positive relationship between volume and price volatility. Vol. 10, No. 18; 2014 
Maturity Effect on Futures Volatility
Since, the study proposes to examine the relationship between time-to-maturity and volatility in 
where TTM, Vol and OI are time to maturity, futures volume and open interest. For the Samuelson hypothesis to hold good the time to maturity coefficient has to be negative implying that price volatility increases as the number of days till contract maturity decreases. Table 2 . The individual stock futures, non-stationarity is found in level 1 form, but stationarity is observed in first differences. Table 4 provides the descriptive statistics for all the individual stock futures for both maturity and non-maturity days. The daily mean returns for eight individual stocks futures are positive except in case of HCL and M & M particularly during non-maturity days. In case of maturity days, daily mean returns for most of individual stock futures are also found to be positive with exception of HEROHONDA, ITC, RELIANCE and M& M. The value of kurtosis exceeds three for most of the individual stock futures both on maturity and non-maturity days. It indicates that returns of most individual stocks deviate from the normal distribution. The values of skewness coefficients are negative for most of the individual stock futures implying that the frequency distribution of returns series is negatively skewed both during maturity days as well as non-maturity days. Results of GARCH (1, 1) Model are given in Table 5 . The results show the sum of α 1 + β 1 is close to 1 for the Nifty Futures. This result indicates a high persistence in the conditional variance of Nifty Futures. All parameters are statistically significant. Table 6 The results of the individual stock futures are given in Table 7 . The results reveal that the coefficient of futures volume is positively significant for most of stock futures with the exception of ITC and RANBAXY. There is a positive relationship between open interest and volatility of individual stock futures with the exception of TATAPOWER and HEROHONDA. Therefore, these results support the 'mixture of distributions' hypothesis in NSE futures markets. The results also suggest that information-based effect such as volume is an important determinant of futures price volatility. 
Empirical Results
Concluding Remarks
The study investigates relationship between time to maturity and volatility in NSE futures market. It also investigates 'mixture of distributions hypothesis' (Clerk, 1973; Epps, 1983) , 2012 and used in analysis. The empirical analysis shows that Samuelson hypothesis does not hold in the Nifty Futures market. Further, the results show a strong support for 'mixture of distributions hypotheses in NSE futures markets. The study finally concludes that while time-to-maturity does not play an important role in explaining futures price volatility rate of information as measured by volume is an important determinant of futures price volatility. The results of the present study have important implications both for investors and regulators. Since maturity effect does not hold good in NSE futures market, the investors should not make their investment decisions based on time-to-maturity.
